ABSTRACT. Selection of superior forage genotypes is based on agronomic traits assayed in repeated measures. The questions are how repeatable the performance of individual genotypes is and how many harvests are needed to select the best genotypes. The objectives were to estimate repeatability coefficients of dry matter yield (DMY) and forage quality, their phenotypic stability and the number of harvests needed for an accurate selection. Two randomized complete block design experiments data with 24 genotypes each, undergoing 12 and 16 harvests, over a period of 2 and 3 years, respectively, were used. The DMY repeatability estimates ranged from 0.42 to 0.55, suggesting a low heritability. The mean numbers of repeated measures were 5 and 7 harvests for 0.80 and 0.85 accuracy, respectively. The inclusion of the first two harvests negatively affects the estimates. Repeatability for quality traits ranged from 0.30 to 0.69, indicating low to moderate heritability.
Introduction
Selection of a superior genotype of perennial forages is based on the analysis of agronomic traits in repeated measures, such as dry matter yield, over a number of harvests, seasons, and years. The main questions are 'How repeatable is the performance of a genotype along a number of harvests?' and 'How many harvests are necessary to select the best genotypes?' The repeatability coefficient, defined by Cruz and Regazzi (1994) as the correlation between repeated measures from the same individual over time and space, as well as its associated coefficient of determination (R 2 ), which measures accuracy in predicting the real value of an individual genotype, are the most used tools to address these questions. The higher the correlation between repeated measures, the lower may be the number of harvests needed to distinguish genotypes in a selection procedure. If the trait is of difficult assessment or its heritability is low, a higher number of harvests may be necessary. However, if the number of harvests increases largely, each selection phase will be longer, taking two or more full years, which substantially increases time and costs of selection.
Several studies estimate repeatability and the number of harvests required to select superior genotypes for DMY in P. maximum. Repeatability estimates from five harvests in two studies (Martuscello, Jank, Fonseca, Cruz, & Cunha, 2007 ranged from 0.51 to 0.86 in the first one and from 0.44 to 0.60 in the second one, with 0.80 and higher accuracy. Results from both studies concluded that at least five harvests are needed to have an effective selection with 0.85 accuracy. Repeatability estimates from 15 harvests (Lédo et al., 2008) ranged from 0.23 to 0.54 for DMY and for the same 0.85 level of accuracy it is necessary at least ten harvests. Torres et al. (2016) reported high repeatability from six harvests, ranging from 0.76 to 0.87 and accuracy levels from 0.94 and 0.98. They concluded that seven harvests are necessary to select the highest DMY cultivars at 0.85 accuracy level. These results suggest additional studies to better elucidate repeatable performance and number of harvests.
Although dry matter yield still is the focus of grass breeding programs, higher forage quality is becoming important target for forage grasses breeding (Stewart & Hayes 2011) . High quality forage has been obtained by raising the leaf/stem ratio, crude protein, water soluble carbohydrates, dry matter digestibility, lower content of components of neutral detergent fiber as well as higher detergent neutral soluble fiber, such as pectin (Van Soest, 1994 , Fonseca, Hansen, Thomas, Pell, & Viands, 1999 , Casler et al. 2000 . To our best knowledge, no information is available on repeatability estimates of quality traits for P. maximum. Thus, repeatability studies will better elucidate the nature of the phenotypic and genetic variations of quality traits as well.
The objectives were to estimate the repeatability coefficient of dry matter yield and forage quality traits, to determine the number of harvests required for an accurate selection of superior genotypes and to define the phenotypic stability of dry matter yield and quality traits in P. maximum genotypes grown in the Cerrado region of the Federal District, Brazil.
Material and methods
Two experiments evaluating forage yield and nutritive value of P. maximum were conducted in Planaltina, Federal District, Brazil (15º 35' S; 47º 42' W, 993 m a.s.l.) at Embrapa Cerrados. The local climate is Aw type (tropical savannah with dry winter and rainy summer) according to the Köppen and Geiger (1928) classification. The annual average temperature between 1974 and 2003 was 21.9°C with monthly averages ranging from 19.9 to 23.2°C; the mean relative humidity was 70%, with monthly averages ranging from 56 to 77%; and the total annual rainfall is about 1384 mm with monthly averages ranging from 5 mm (Jun) to 251 mm (Jan) (Silva, Evangelista, & Malaquias, 2014) . Plants 0.5 m away from the row/plot borders were harvested at 0.2 m high and a randomly selected subsample of 1.5 kg fresh weight was separated into leaf (green blade), stem (stem plus leaf sheath) and dead material (brown leaves and brown stems). All samples were dried in a forced air oven at 55ºC for 72 hours. Total dry matter yield was estimated and quality traits were analyzed via Near Infrared Reflectance Spectroscopy (NIRS).
The first experiment (Exp. Dry leaf and stem samples were weighed, ground through a 1-mm screen Wiley mill, and stored in plastic bags. Spectra for all samples were collected on a NIRS model NR5000 Systems Inc., USA, in a wavelength range of 1100-2500 μm. The coefficient of determination for quality curves ranged from 0.87 to 0.99 and validation residues were lower than 5%. In Exp. 1, four and three harvests were sampled in 2003 and 2004, respectively, for quality analysis.
The repeatability coefficients (r) were estimated by four statistical procedures (Cruz & Regazzi, 1994 ) -analysis of variance based on variance components, principal component based on the covariance and correlation matrix, and structural analysis based on the correlation matrix. The repeatability coefficient based on ANOVA was estimated by using the statistical model with two factors. The phenotypic stability was evaluated by principal component analysis obtained from the intra class correlation matrix for 2, 3, and up to 'n' successive repeated measures. All repeatability analyses were developed using Genes -Quantitative Genetics and Experimental Statistics software, version 2013.5.1 (Cruz, 2007) .
Results and discussion
The repeatability coefficient indicates the ability of genotypes to repeat the expression of a trait over repeated measures and the coefficient of determination (R 2 ) denotes the accuracy in predicting the real value of an individual genotype (Table 1) . According to Falconer (1981) , repeatability shows how much is to be gained by repeated measures, to set the upper limit to the broad-sense heritability and to predict future performance from past records. Repeatability coefficients for DMY were low to moderate in magnitude and higher for Exp. 2. The repeatability estimates for DMY ranged from 0.26 to 0.42 in Exp. 1 and from 0.39 to 0.55 in Exp. 2, through ANOVA and Principal Component Correlation (PCCor) methods, respectively. ANOVA consistently came up with the lowest estimates while PCCor the highest, similar to other reports (Martuscello et al., 2007 , Lédo et al., 2008 , Braz, Fonseca, Jank, Cruz, & Martuscello, 2015 . The magnitude of the estimates in Exp. 1 and Exp. 2 suggested that DMY has a multigene genetic control, largely influenced by environmental conditions, which may lead to moderate gains in selection due to a low to medium heritability. In addition, it may require a high number of repeated measures to be more effective. The magnitude of repeatability estimates in Exp. 1 (12 harvests) were similar to those obtained by Lédo et al. (2008, 15 harvests) and Martuscello et al. (2015, 5 harvests) . In Exp.2 (16 harvests), the magnitude of the repeatability estimates were similar to those reported by Martuscello, Jank, Fonseca, Cruz, and Cunha (2007) . were high in magnitude, ranging from 0.81 to 0.90 in Exp. 1, and from 0.91 to 0.95 in Exp. 2, suggesting the number of harvests was enough to provide high accuracy in selecting genotypes. However, 12 and 16 harvests may not be feasible in practice, since high number of harvests is time-consuming and it would lead to high costs. In this study, the high number of harvests as well as the high R 2 estimates may allow for a more robust estimation of the minimum number of harvests, at similar accuracy levels, than those with much lower number of harvests and lower R 2 . The number of harvests estimated for DMY ranged from 6 to 11 in Exp. 1 and from 4 to 7 in Exp. 2 at 0.80 accuracy, and from 8 to 16 in Exp. 1 and from 5 to 9 in Exp. 2 at 0.85 accuracy ( were higher for ANOVA when compared with the other methods in both experiments. The principal component and structural analyses resulted in lower, closer, and more consistent estimates. The estimates of four methods may be used to set an interval in which the real value of a parameter is most likely to be found (Martuscello et al., 2007 ). An approach can be the use of the average over all four methods to generate an estimate of the number of repeated measures. In this sense, estimates of the number of harvests combined over methods for each experiment would fall between 4 and 7 at an accuracy of 0.80 and between 6 and 10 at an accuracy of 0.85 for Exp. 1 and Exp. 2, respectively (Figure 1 ). Yet, the estimated number of harvests combined over Exp. 1 and Exp. 2 would be 6 for an accuracy of 0.80 and 8 for an accuracy of 0.85. No individual repeatability method gives precise estimation of the number of repeated measures for DMY over wide ranges of conditions, such as years and experimental sites, different genetic composition of the populations and time of harvest. The differences between methods in six studies (Martuscello et al., 2007 , Lédo et al., 2008 , Torres et al., 2016 , and Exp. 1 and Exp. 2 from this study) resulted in different estimates of the number of repeated measures for DMY (Figure 2 ). Since the estimates are likely an integration of many factors, the definition of a range considering the outcome of many studies may be more robust than a specific number of repeated measures estimated for individual studies. For the above experiments, there is a cluster of estimates ranging from 4 to 7 at 0.80 accuracy and 5 to 9 at 0.85 accuracy (Figure 2) . Thus, the expected range of harvests for DMY in P. maximum would likely be within those ranges. The environmental span variability affecting the experiments would direct the decision to lower or higher number of harvests. Some similar estimates of repeated measures are also reported for DMY of other forages such as elephantgrass (Pennisetum purpureum Schum., Shimoya, Pereira, Depaula, Damião, & Souza, 2002) and alfalfa (Medicago sativa L., Souza-Sobrinho et al., 2004) . The phenotypic stability analysis for DMY resulted in low to moderate repeatability coefficients, 0.14 to 0.49 in Exp. 1 and 0.09 to 0.78 in Exp. 2 (Table 3 ). The magnitude of the repeatability estimates was consistently higher in Exp. 2. Yet, the accuracy estimates were moderate to high in magnitude, ranging from 0.40 to 0.90 in Exp. 1 and from 0.28 to 0.96 in Exp. 2, regardless of the method, ANOVA or PCA. The highest repeatability and accuracy coefficients for DMY were observed when harvest 1 and 2 clusters were excluded from analysis (Table 3) . Probably, gene expression is not stable during early stages of the plant development. Martuscello et al. (2007) and Torres et al. (2016) reported higher estimates when harvests 1 and 2 were not used in the analysis.
The highest repeatability and accuracy estimates for Exp. 1 were 0.47 and 0.78, respectively for 4 harvests based on the combination of harvests 6 to 9. The trend was similar until harvest 5, in which the best harvest combination was 5 to 9. This may be because harvest 3 was done at the end of the rainy season, harvest 4 in the dry season, and harvest 5 at the end of the dry season. Both, Braz, Fonseca, Jank, Cruz, and Martuscello (2015) and Martucscello et al. (2015) also reported similar results, in which dry season harvests decrease the repeatability coefficient estimates. In Exp. 1, the phenotypic stabilization occurred with 6 harvests where the best harvest combinations were 3 to 8 and 4 to 9. From harvest 7 onward, the estimates were very close to those from harvest 6 for cluster with 3 and more harvests. The highest repeatability estimates for Exp. 2 were 0.78 for 4 harvests and 0.74 and 0.77 for 5 harvests, based on the combination of harvests 3 to 6, 3 to 7 and 4 to 8, respectively. In Exp. 2, higher repeatability estimates are more evident when harvests 1 and 2 were not in the clusters. The trend was similar up to harvest 7, in which the best harvest combination was 3 to 9. In Exp. 2, the phenotypic stabilization occurred between 4 and 5 harvests, where the best harvest combinations were 3 to 6, 3 to 7, and 4 to 8. In Exp. 2, dry season harvest did not affect the estimates of repeatability as did in Exp. 1. This may be due to the rainfall in May (18.9 mm), June (51.1 mm), August (1.6 mm) and September (55.9 mm), during the dry season of 2013.
All accuracy estimates in both Exp. 1 and Exp. 2, for the above clusters, were higher than 0.92, suggesting high accuracy in selecting genotypes based on the designated number and clusters of harvests.
The highest estimates of repeatability coefficient were moderate in magnitude, especially for ADF, cellulose and lignin-H 2 SO 4 that ranged from 0.61 to 0.69. The estimates of repeatability coefficient were lower, but still moderate in magnitude for OM, CP, and IVOMD and, regardless of the method, ranged from 0.54 to 0.61. The lowest estimates were found for NDF, Lig-KMnO 4 , hemicellulose, and silica, ranging from 0.30 to 0.54 (Table 4) . This magnitude clearly indicates low to moderate heritability for the quality traits, mainly due to the environmental variability over the harvests in different seasons and years. These repeatability estimates were associated with high R 2 that reflects the accuracy in predicting the trait value of an individual genotype. The accuracy levels were 0.80 and higher for all quality traits except for NDF that falls into the 0.75 to 0.78 range, which, however, is still somewhat high in magnitude. Thus, all estimates above suggested high effectiveness of seven harvests when selecting the best P. maximum genotypes for quality traits (Table 4) .
The number of harvests estimated for OM, CP, ADF, lignin-H 2 SO 4 , cellulose, and IVOMD for all four methods, ranged from 2 to 4 at 0.80 accuracy level and from 4 to 5 at 0.85 accuracy level (Table 5) . (Table 6 ). In brief, the first and the second harvests did not have a significant negative effect on the repeatability estimates for all quality traits as they did for DMY. Thus, all clusters containing harvests 1 and 2 may be used to estimate repeatability of quality traits. Phenotypic stability occurred at the third harvest for CP, ADF, Lig-H 2 SO 4 , and cellulose; at the fourth harvest for OM, Lig-KMnO 4 , and IVOMD; at the fifth harvest for silica; and at the sixth for NDF (Table 6 ). In general, the number of harvests for quality traits may be within the range 3 to 6. Table 6 . Phenotypic stabilization in P. maximum -estimates of repeatability and determination coefficients of quality traits for different groups of 7 harvests using ANOVA and PCA. 
Conclusion
The overall mean number of harvests required for an effective selection for DMY in P. maximum would fall within the 5-7 range for 0.80 and 0.85 accuracy levels, respectively. The inclusion of DMY from the first two harvests negatively affects the estimate of the repeatability coefficient and its associated accuracy. The inclusion of the dry season harvests may decrease these estimates as well. Phenotypic stability for DMY occurs from the fourth harvest onward, when the repeatability coefficients and associated accuracy reach the highest and stable values.
The mean number of harvests needed for a reliable selection for OM, CP, ADF, lignin-H 2 SO 4 , cellulose, and IVOMD would be 3 and 5 at 0.80 and 0.85 accuracy levels, respectively. For NDF, Lig-KMnO4, hemicellulose and silica, the mean values would be 6 and 8 at the same accuracy levels. The first and second harvests do not remarkably affect the repeatability estimates of all quality traits, suggesting their use on the estimations. Phenotypic stability first occurred for CP, ADF, Lig-H 2 SO 4 and cellulose at the third harvest, followed by OM, Lig-KMnO 4 , and IVOMD at the fourth, silica at the fifth, and NDF at the sixth harvest.
